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In order to study the mechanism and control technique of deep roadways in faulted
zones, the 11-2 transport roadway of Guqiao coal mine in Huainan was taken as a
case. The research roadway encountered two faults named F97 and F98 and suffered
a severe large deformation disaster (including floor heaving, side cracking, steel arch
bending, and section shrinkage) after excavation. Then, laboratory tests, in situ stress
measurement, and numerical simulation results indicate that the lower strength and
easy to soften property of the surrounding rock is an immanent cause, while high geo-
stress is an external inducement of large deformation. The continuous behaviors of
opening, moving, and rotation of rock blocks under the above factors finally caused
large deformation disaster. Finally, a control technique named stages and combination
control method (SCCM) has been proposed. This technique contains two steps,
namely, primary (including prestressed anchor bolt, shotcrete, and grouting) and
secondary (including prestressed cable) support stages. Numerical calculation and
in situ monitoring results indicate that the SCCM technique can stop the failure of
surrounding rock and control the displacement of the surrounding rock effectively.
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INTRODUCTION

Coal will remain the mainstay of energy for a certain time in the future. Recently, more and more
coal mines have a mining depth of over 1,000 m all over the world, including Russia, China,
Japan, Australia, and so on. Especially in China, there are more than 50 coal mines with mining
depth of 1,000 m or more (Kang, 2016). As mining depths increase, the roadways, as a basic
component for coal mining, may encounter more challenges during excavation (Seo et al., 2016;
Du et al., 2017). The increased ground stress, broken surrounding rock, mining disturbance, and
geologic tectonism could cause a large deformation disaster of the roadway easily, which will
threaten the safety of mining.

The mechanisms for roadway large deformation of surrounding rock are varied. One of the
major factors is geo-stress, especially in soft surrounding rock, which may lead to large
deformation during construction (Hoek and Guevara, 2009; Bao, 2014; Liu D. J et al., 2020).
Besides, geologic structure, such as joints and angles between strata and direction of roadway,
could also be the main factor of large deformations (He et al., 2013; Liu et al., 2019). Besides,
Huang et al. (2020) indicated that the main process of large deformation of deep surrounding
rock includes the structural movement, surrounding rock deterioration, cracks expansion
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induced by gradient stress and partial stress, and structural
rheology of soft rock. Deng et al. (2021) conducted a
simulation analysis on the process of surrounding rock
fracture expansion by adjusting its normal contact stiffness
using the finite–discrete element coupling method (FDEM).
Numerical results indicated that the propagation and
connection of fracture networks are the basic elements of
large deformation during roadway excavation.

In addition, unreasonable choice of control technique or
support frames also affects the occurrence of large
deformation in roadways. Many support techniques have
been proposed in recently years, such as bolts (Kang et al.,
2014; Guo et al., 2015; Zhao et al., 2020; Zheng et al., 2021),
grouting (Li G et al., 2020; Liu et al., 2021; Liu et al., 2022),
and some combined support method (Kang et al., 2015; Tan
et al., 2017; Liu X. W et al., 2020). Kang et al. (2018) proposed
an improved compound support system for roadways in
densely faulted zones, and a study found that pre-grouting
is a major measure for large deformation. Li Z et al. (2020)
proposed a combined support frame, which included double
layer bolt-mesh, shotcrete, and concrete filled steel tube;
results indicated that the support can control the
deformation of the roadway effectively. However, these
techniques listed above mainly focus on the combination
of various support methods, such as anchor bolt, cable, bolt-
net-cable coupling, and the coupling of active and passive
supports (Feng et al., 2021). The time interval between every
step and grouting and cables in the floor are considered less.

In this work, the 11-2 transport roadway of Guqiao (GQ) coal
mine in Huainan coalfield was taken as a case to study the
mechanism and control technique of deep roadways in faulted
zones. Large deformation disaster behaviors and mechanism of
the research site were first investigated. Then, a control technique
named stages and combination control method (SCCM) had
been proposed. The effectiveness of SCCM for large deformation
controlling was finally verified by numerical simulation and in
situ monitoring.

ENGINEERING BACKGROUND

Large Deformation Description
GQ coal mine is one of the largest coal mines of Huainan
coalfield, which is in central and eastern China. The Huainan
coalfield has a length of about 160 km, width of 20 km, and 50
billion tons of coal resources, approximately. There are nine main
coal mines—Xieqiao, GQ, Gubei, Panyi, Paner, Pansan, Zhangji,
Dingji, and Zhuji—in Huainan coalfield.

The Huainan coalfield belongs to a part of Qinling-
Dabieshan tectonic zone. A synclinorium structure that
tends to EW and a series of thrust faults has developed at
the edges of two wings of this syncline, which forms the main
geological structure of this area. These tectonic movements
caused part of the stratum to stand upright or reverse, and a
series of sub-order anticline and syncline structures have been
developed in this coalfield. The fault structures in this area can
be divided into two groups. The first group is an overthrust

fault formed with fold, and the other group is a cross-cutting
fault, which is parallel to Tanlu fault and cuts a series of folds
and faults. These faults and folds constituted a ladder structure
with a direction of NE in Huainan coalfield. Therefore, the
deep strata in Huainan coalfield are characterized as soft and
broken.

The research roadway locates at the eastern area of GQ
coalmine, which has three main roadways (including the 11-2
transport roadway, the 13-1 transport roadway, and the 11-2
air returning roadway) with a bury depth of over 950 m. In
this area, as shown in Figure 1A, there are three faults,
i.e., F96, F97, and F98. Fault F98 is a normal fault with a
strike of NE, dip direction of SE, dip angle of 40–50°, fault
throw of 10–65 m, and an extension length of more than
2.5 km. Fault F97 is a large normal fault. As shown in
Figure 2B, the F97 has a strike of NWW, dip direction of
SEE with dip angle of about 50–60°, fault throw of 40–135 m,
and an extension length of more than 4.5 km. Most strata in
the eastern area are cut by fault F97, and several small faults
are associated with fault F97, such as F96.

The section shape of the 11-2 transport roadway is a
combination of a rectangle and a semicircle. The rectangle
has a length of 5.2 m and height of 2.8 m, while the semicircle
has a diameter of 5.2 m. The total length of this roadway is
about 1,532 m, and it has been excavated over 1,000 m. As
shown in Figure 1B, the 11-2 transport roadway is the roof of
11-2# coal and the floor of 13-1# coal, and most of its
surrounding rock is sandy mudstone. Besides, the research
roadway crosses the faults F97 and F98, which makes rocks

FIGURE 1 | Location and geology engineering environment of research
object. (A) Location of the 11-2 transport roadway. (B)Geological structure of
the 11-2 transport roadway.

Frontiers in Earth Science | www.frontiersin.org February 2022 | Volume 10 | Article 8266612

Liu et al. Control Technique for Deep Roadway

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


relatively broken. Therefore, the research object belongs to a
deep buried, soft, and broken roadway, which brings some
unstable factors of the surrounding rock.

As shown in Figure 2, the 11-2 transport roadway has
suffered a severely large deformation disaster since it was
excavated. The large deformation characteristics, such as
floor heaving, side cracking, steel arch bending, and
section shrinkage, can be easily observed in the research
roadway. These characteristics indicate that the original
supporting process and method cannot control the
deformation of the roadway in a reasonable extent, which
may bring potential safety risks. It is necessary to take a
reasonable support technique to maintain the stability of the
roadway; otherwise the excavation rate will be affected.

Mechanical Property
According to rock matrix collected from the roadway, X-ray
diffraction (XRD) analysis and uniaxial and triaxial compression
tests were conducted to investigate the mechanical property of
sandy mudstone.

It is commonly known that the mineral composition can
decide the mechanical properties (i.e., strength, dilatability,
softening property) of rock. As shown in Figure 3, XRD

analysis results indicate that the sandy mudstone contains four
minerals, including quartz (38.5%), kaolinite (26.1%), illite
(12.8%), and montmorillonite (22.6%). Specifically, it can be
found that kaolinite and montmorillonite each make up over
20% of the sandy mudstone.

The rock blocks were collected from the roadway firstly, and
then they were drilled into standard cylinder specimens with a
height of 100 mm and a diameter of 50 mm, which satisfies the
suggested methods of the International Society for Rock
Mechanics (ISRM). Specifically, dry and saturated
specimens were prepared by dry oven and vacuum
deaeration, respectively. Figure 4 presents stress–strain
curves of dry and saturated specimens. It is observed that
uniaxial compressive strengths of sandy mudstone under air-
dried and saturated conditions are 61.12 and 26.06 MPa,
respectively. The tensile strength for dry and saturated
specimens are 7.31 and 3.74 MPa, respectively. Therefore,
the softening coefficient of surrounding rock is about 0.43,
which means that the strength of sandy mudstone may
decrease hugely after they absorbed water. Besides, triaxial
compression tests indicate cohesion and internal friction angle
are 9.48 MPa and 38.74°, respectively.

In Situ Stress
In situ stress is one of the most essential factors for roadway
stability and support scheme selection. There are two methods,
including hydraulic fracturing and borehole relief, which are
widely used to obtain in situ stress (Haimson and Cornet,
2003). In this study, borehole relief method has been chosen
to investigate the stress state of the 11-2 transport roadway.

As shown in Figure 1A, the in situ stress measurement site
(ST1) is located at the 11-2 transport roadway with burial
depth about 1,000 m. Figure 5 presents the test procedure,
which is introduced briefly as follows: 1) Firstly, a horizontal
big borehole with a diameter of approximately 130 mm, length
of about 20 m, and direction of vertical side wall was drilled out
using a rig. 2) Then, a small borehole with a diameter of 36 mm
and length of about 350 mm was drilled out at the end of the
big drilling hole for sensor installation. 3) Next, the sensor was
pushed into the small hole and fixed with a binder. 4) At last,
the rock core with the stress sensor was drilled out, and the
strain of the sensor was collected during drilling.

FIGURE 2 | Large deformation characteristics. (A) Section shrinkage and arch bending. (B) Floor heaving. (C) Side cracking.

FIGURE 3 | Minerals contents of the sandy mudstone by XRD
measurement.
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According to the relationship between the recovered strain
of 12 sensors and relieving distance, combined with the
strength of rock from the borehole, the in situ stress of this
measurement point can be calculated. Results indicate that the
maximum principal stress (σ1) is 35.49 MPa, minimum
principal stress (σ3) is 16.09 MPa, and intermediate
principal stress (σ2) is 20.11 MPa. Moreover, the maximum
and minimum stresses along the horizontal direction (σH and
σh) and the principal stress along vertical direction (σv) are
32.43, 25.38, and 24.91 MPa, respectively. According to the
definition of coefficient of lateral pressure (σH/σy), it can be

observed that the stress lateral pressure coefficient of the
measurement point is about 1.30, which indicates that the
maximum principal stress is along the horizontal direction and
is mainly caused by geotectonic movement.

LARGE DEFORMATION DISASTER
MECHANISM

To investigate the large deformation disaster mechanism of
the research roadway, a series of studies, including the above

FIGURE 4 | Stress–strain curves of dry and saturated specimens. (A) Uniaxial compression test. (B) Brazilian split test.

FIGURE 5 | The test procedure of borehole relief method. (A) Drill the boreholes. (B) Sensor for stress measurement. (C) Data collector for the sensor. (D) Rock
core drilled from borehole.
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laboratory tests as well as numerical simulation, are
conducted in this section. Many numerical methods have
been used to simulate the process of crack initiation and
propagation (Liu X. W et al., 2020). The two-dimensional
Universal Discrete Element Code (UDEC) is commonly used
to study the failure mechanisms of surrounding rock in the
roadway (Tang et al., 2021). In this numerical approach,
blocks are separated by fracture networks in the fractured
rock mass, and these discrete blocks are connected by normal
and shearing contacts. Once the load between two blocks over
contact stiffness, tensile or shear failures will occur. As a
result, the blocks may be disjoined and begin to move.
Therefore, UDEC can simulate failure, movement, and
rotation of blocks (Itasca, 2004), which are very suitable
for investigation of the large deformation process and
mechanism here.

UDEC Numerical Model
According to geology engineering environment shown in
Figure 1, a numerical calculation model was established. As
shown in Figure 6, this numerical model, which contains four
different strata (i.e., sandstone, 11-2# coal, sandy mudstone,
and 13-1# coal), is a square with dimension of 50 m × 50 m and
a roadway located at the center of the model. The shape of the
roadway is a straight wall with a semicircle at the top, and the
width is 5.2 m, the height of the wall is 2.8 m, the and radius of
the semicircle is 2.6 m. For layers of sandstone, 11-2# coal, and
13-1# coal, the joints were generated by two sets of fractures
with angles of 0° and 90°. The layer of sandy mudstone has a
height of 30 m. The upper part in scope of 10 m two set of
fractures with angles of 0° and 90°, while the lower part was
described by Voronoi blocks with average length of 1.5 m.
Specifically, this average length decreases to 0.5 m around the
roadway zone (dimension of 20 m × 20 m) due to the existence
of a fractured zone.

In this model, the vertical displacement is fixed at the base,
while the horizontal displacement is fixed at the lateral sides.
According to in situ stress measurement result, the horizontal
and vertical stresses applied on the numerical model are 32.43
and 24.91 MPa, respectively. Four monitoring points around
the surface of the roadway are set with coordination of A
(x = 25.0 m, y = 27.6 m), B (x = 22.4 m, y = 23.6 m), C
(x = 25.0 m, y = 22.2 m), and D (x = 27.6 m, y = 23.6 m) to
monitor the deformation characteristics. Specifically, only
y-direction displacement is monitored for points A and C,
while x-direction displacement is monitored for points B
and D.

There are macro-parameters of intact rock blocks and micro-
parameters of contacts between blocks in the UDEC model.
According to laboratory tests and numerical calibration tests,
the mechanical parameters of the model are listed in Table 1. In
Table 1, ρ, K, and G are density, bulk modulus, and shear
modulus of intact rock, respectively. The parameters cj, φj,
σtj, kn, and ks are internal cohesion, internal friction angle
tensile strength, normal stiffness, and shear stiffness of joints,
respectively.

Simulation Results
Figure 7 displays y-displacement, shear stress, and the
maximum principal stress distribution around the roadway
at different time step. For the y-displacement, as shown in
Figure 7A, there is a clear boundary between the roof and
floor for time step 10,000. The y-displacement is negative for
the rock above the boundary, while this value is positive
below the boundary line. The negative displacement indicates
the roof settlement, and the maximum y-displacement at the
roof is about 265.6 mm due to the fractured rock falling. The
positive displacement is mainly caused by floor heave, and the
maximum positive y-displacement concentrates on the
central part of the floor, which is about 51.9 mm; when the

FIGURE 6 | UDEC numerical model.
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TABLE 1 | Parameters of UDEC model.

Lithology Intact rock Joints

ρ (kg/m3) K (GPa) G (GPa) kn (GPa/m) ks (GPa/m) cj (MPa) φj (/°) σtj (/MPa)

Sandstone 2,600 21.33 17.52 1,411.62 608.05 14.33 31 5.20
Coal 1,410 4.16 1.62 12.84 50.37 2.31 12 0.51
Sandy mudstone 2,410 16.36 9.24 1,053.71 316.27 8.24 23 2.4

FIGURE 7 | Distribution of displacement and stress at different steps. (A,B) Displacement distribution of y-direction. (C,D) Shear stress distribution. (E,F) The
maximum principal stress distribution.
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time step increases to 100,000, the y-displacement
distribution is totally different. As shown in Figure 7B,
y-displacement is concentrated around the roadway, and
the changing of y-displacement is not obvious for the area
far away from the roadway. Similarly, the maximum roof
settlement is about 0.8 m, while the floor heave is 1.08 m
approximately.

For the stress distribution, as shown in Figures 7C,D the shear
stress is mainly concentrated around the roof and floor corners
when time step is 10,000 and the maximum shear stress is about
16.8 MPa. At this stage, the maximum principal stress
distribution is around the roadway with depth of 1.5 m
approximately (Figure 7E). When the time step increases to
100,000, the surrounding rock becomes more broken, and a crack
propagates in the deep part of the surrounding rock gradually.
Similarly, as shown in Figures 7D,F, the range of shear stress and
the maximum principal stress concentration area gradually
expands.

Figure 8 shows the crack initiation, propagation,
coalescence, and failure process of the surrounding rock
during calculation. For time step 10,000, the surrounding
rock already has a series of cracks that exist, and the
maximum cracking depth at the right side and bottom of
the roadway are 1.91 and 2.72 m. Besides, most of these newly
generated cracks are independent and discrete. Once these
discrete cracks coalesce together, a fractured block may be
formed. As illustrated in Figure 8A, the newly formed broken
rock causes the failure of the roadway. The failure
phenomenon including block falling and side cracking can
be observed at this stage. Furthermore, a more severe failure
mode can be detected at time step 100,000. As shown in
Figure 8B, the maximum cracking depth at the right side and
bottom of the roadway increases to 4.96 and 5.03 m,
respectively. Two broken zone (areas inside the blue lines)
around the fault can be easily distinguished. The typical large
deformation disaster characteristics, such as section
shrinkage, floor heaving, and side cracking, can all be
observed.

Large Deformation Mechanism
According to the laboratory tests, in situ geo-stress measurement,
and numerical simulation, the large deformation mechanism for
the deep roadway in the broken fault zone can be summarized as
follows.

Firstly, the XRD test result indicates that the main clay
minerals of the surrounding rock are kaolinite, illite, and
montmorillonite. After absorbing water, montmorillonite and
illite may show the characteristics of swelling and softening,
respectively. As a result, the volume of rock sample will
increase, while the strength may decrease sharply. The uniaxial
compression test results verified this point. The results show that
the softening coefficient of the surrounding rock is about 0.43.
Therefore, the lower strength of the surrounding rock and easy-
to-soften property is an immanent cause for a large deformation
disaster.

Secondly, a high in situ geo-stress exists in the surrounding
rock. Tests results indicate that the maximum stress along the
horizontal direction (σH) and along the vertical direction (σv) are
32.43 and 24.91 MPa. Besides, the tectonic movement around this
area combined with blasting excavation made the surrounding
rock quite broken. The broken and fractured rock masses can
easily cause a large deformation behavior under a high geo-stress,
which is the is external inducement for a large deformation
disaster.

Finally, the numerical simulation reproduced the large
deformation process of the research roadway. Considering the
soft and broken rock under high stress condition, the final failure
mode is shown in Figure 9A. The rock blocks are connected by a
lower weak cementation between joints initially. However, these
cementations in the joints will gradually fail due to excavation. As
shown in Figure 9A, four main failure modes, including block
opening, sliding, movement, and rotation, can be observed during
calculation. The opened rock blocks are separated from each
other, and then they can slide together or move freely. The rock
block at the surface of the roadway moves and falls into the
roadway, and then those blocks in the deep part begins to open
and move forward.

FIGURE 8 | Roadway failure process. (A) Time step 10,000. (B) Time step 100,000.
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As shown in Figure 9B, the x-direction displacement of points
B and D are 0.56 and 1.06 m, while the y-direction displacement
of points A and C are 0.31 and 0.24 m. The curves in Figure 14
also indicate that these deformations do not show a convergent
tendency. Therefore, these continuous and uninterrupted
behaviors of opening, moving, and rotation are the main
reason of the large deformation.

LARGE DEFORMATION CONTROL
TECHNIQUE

Stages and Combination Control Method
According to the analysis of large deformation mechanism listed
above, a control technique named SCCM has been proposed here.
In this method, there are two progressive supporting stages, and

these two different stages should be jointly implemented in a
certain order.

As shown in Figure 10, the primary support stage (red lines in
Figure 10A) consists of the following processes: firstly, eight
prestressed anchor bolts with a length of 2.5 m and space of 1.4 m
are arranged; then, shotcrete with a depth of 50–100 mm is
sprayed on the surface of the roadway; finally, grouting with
hole depths of 1.5 and 5.0 m are implemented step by step. After
the primary support stage, the secondary support stage (purple
lines in Figure 10A), which contains seven cables with a length of
6.3 m and space of 2.0 m, are arranged.

FIGURE 9 | The final simulation results. (A) The final failure mode of
research roadway. (B) The displacement of monitoring points without
support.

FIGURE 10 | The schematic diagram for SCCM technique. (A)
Distribution of grouting holes. (B) Distribution of bolts and cables.
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Numerical Simulation Analysis
In order to investigate the control effect of SCCM technique, two
numerical cases were conducted in this section. In case 1, only the
primary support stages are used after roadway excavation, while
both the primary and secondary stages are considered in case 2.
The computational model is the same as the UDEC numerical
model, and numerical simulation results are shown in Figure 11.

As shown in Figures 11A,B, the y-direction displacement is
larger than that of case 2. There are two small rock blocks that
dissociated from the roof and fell into the roadway for case 1.
For case 2, the maximum y-displacement is concentrated on

the central part of the floor and roof, which are 59.2 and
78.9 mm, approximately. However, for the stress distribution,
they are almost the same between case 1 and case 2 no matter
the shear stress or the maximum principal stress. The
difference is that the stress has a tiny decrease, while the
distribution span extends a little for case 2 compared with
case 1, which indicates that the secondary support cables
transfer the stress from surface of the roadway to the deep
part of the surrounding rock.

The failure mode was also investigated. As shown in
Figure 12, after the SCCM technique was implemented,

FIGURE 11 | Numerical simulation results of case 1 and case 2. (A,B) Y-displacement distribution. (C,D) Shear stress distribution. (E,F) The maximum principal
stress distribution.
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there are no blocks sliding, movement, or rotation during
simulation, and only block opening has been observed. For
the bottom of the roadway, only several tiny cracks initiated and
propagated with a depth of 0.5 m approximately. The left side of
the surrounding rock has some opening block and has a
tendency of side cracking. However, this disaster has been
controlled finally because of the effect of the cables. Besides,
no evident cracks can be found at the top and right side of the
roadway, which indicates that the SCCM technique can stop the
failure of the surrounding rock.

Furthermore, the calculated displacements of different
monitoring points of case1 and case 2 are shown in
Figure 13. Compared with Figure 9B, it is very clear that the
maximum x-displacement of point B for no support is about
560.2 mm, while this value decreases to 107.4 and 50.9 mm for
case 1 and case 2, respectively. Similarly, the maximum
displacements in the x-direction for point D are 1,059.4,
−51.5, and −23.8 mm for no support, for case 1, and for case
2, respectively. Besides, some tiny failure and deformation are still
observed in the left side wall from Figure 12, which is mainly
because of the existence of a sliding plane cut from the fault.
These deformations within the acceptable range and numerical
results here indicate that SCCM method can control
displacement effectively.

In Situ Deformation Monitoring
As shown in Figure 1A, three monitoring points, namely, MP1,
MP2, and MP3, were set in the research roadway to verify the
proposed SCCM technique. The monitoring devices were
installed on both side walls of the roadway to obtain
convergence deformation of the two side walls. As shown in
Figure 14A, two monitoring piles were fixed on both sides of the
roadway. Then, the deformation was measured by a convergence
gauge (3WRM-3), which has a precision of 0.01 mm. The

monitoring results indicated that the displacements increased
sharply during the first several days. Then, the increasing rate
decreases gradually till the 21st, and 34th day for MP2 and MP3,
respectively.

At that moment, the effect of primary support faded away, and
cracks and failure arose in the surrounding rock. After implement
of the secondary support stage, the deformation rate began to
slow down, and the final deformation rates were 0.045, 0.051, and
0.026 mm/day forMP1, MP2, andMP3, respectively. Besides, this
very low deformation rate lasted more than 20 days, which
indicates this roadway was already stable. The final
convergences of the side walls were 80.91, 68.15, and
54.21 mm for MP1, MP2, and MP3, respectively. These values
are very close to the numerical result (about 74.7 mm), which also
validates the effectiveness of the numerical method.

FIGURE 12 | Final failure mode of roadway after SCCM technique was
implemented.

FIGURE 13 | Displacement of monitoring points. (A)Case 1. (B)Case 2.
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CONCLUSION

Considering the large deformation disaster of deep roadways in
fault fractured zones, the mechanism of large deformation has
been studied firstly. Then, SCCM technique has been proposed to
control the large deformation in the present work. The main
contributions are listed as follows:

(1) According to engineering geological survey, the 11-2
transport roadway encountered two faults named F97 and

F98. After excavation of the roadway, large deformation
behaviors, such as floor heaving, side cracking, steel arch
bending, and section shrinkage, can be easily observed, which
indicates the present support frame cannot maintain the
stability of the roadway.

(2) Combined with laboratory tests, in situ stress
measurement, and numerical simulation, the large
deformation mechanism of the research roadway has
been observed. The characteristics of lower strength of
and easy to soften property of the surrounding rock is an
immanent cause, while high geo-stress is an external
inducement of large deformation disaster. Based on
these, continuous and uninterrupted behaviors of
opening, moving, and rotation of rock blocks finally
caused a large deformation disaster.

(3) A control technique named SCCM has been proposed to
solve the large deformation disaster. Two steps, named
primary and secondary support stages, are included in this
method. Numerical analysis and in situ monitoring results
indicate that the SCCM technique can stop the failure and
control the displacement of the surrounding rock
effectively.
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